Introduction
As reported in the literature, as little as 50%-75% of chronically ill patients take their medication as prescribed. 1 Nonadherence to treatment may pose a serious medical, social, and economic problem. If a patient does not adhere to their treatment plan, they may not achieve the expected outcomes. 2 Adherence to treatment is understood as the patient's informed and voluntary involvement in the acceptabletreatment process. Adherence comprises three aspects: initiation, implementation, and
Dovepress

2662
lomper et al discontinuation/persistence. 3 According to the literature, an arbitrary cutoff point of 80% for cooperating patients has been adopted. 4 Nonadherence to the prescribed pharmaceutical treatment may be associated with a number of factors, including in particular the frequency of taking the medication, its side effects, the complexity of the treatment process, and economic factors. Other reported predictors of adherence include psychological health issues, cognitive impairment, lack of conviction as to the purpose and effectiveness of treatment, and poor relationships between patients and health care professionals. 5 A study found that self-reported medication nonadherence was associated with a doubling of subsequent cardiovascular events. 6 Despite significant advances in hypertension treatment made in the last decade, hypertension remains the number one public health issue:
2 54% of strokes and 47% of cardiac deaths are attributed to suboptimal blood pressure (BP) control. Epidemiological studies demonstrate that in Poland, approximately 29% of adults are diagnosed with hypertension, but only 12% of these patients are treated correctly. 7 Moreover, the effectiveness of hypotensive treatment has been estimated at 5%-15%. 8 The available studies show that 50% of hypertensive patients discontinue treatment within 12 months of its beginning. Another 30% continue treatment, but do not comply fully with the prescribed protocol. Insufficient adherence is the primary contributor to unsatisfactory response to pharmaceutical treatment. [9] [10] [11] Alarmingly, published studies also indicate shortcomings in the monitoring and identification of nonadherent patients. Studies aimed at identifying patients who are nonadherent and assessing patients' expectations concerning treatment may be helpful in developing effective treatment plans. 12 Adherence-measurement methods can be broadly defined in two categories: direct and indirect. Direct methods include electronic monitoring systems, pill counting, medicationuse measurement, measurement of drug concentrations in bodily fluids, and measurement of serum activity of selected biochemical markers present in the medication. 13 Indirect observation methods commonly include subjective measures, such as self-reported questionnaires and scales. Apart from pharmaceutical adherence, many of these methods also help identify difficulties in medication taking, patients' beliefs and attitudes toward the treatment, or their knowledge on the disease and its treatment. 14 There has been research on adherence for 50 years, but there is still no gold standard or an optimal questionnaire allowing for simple screening in daily clinical practice, nor do standard criteria exist for selecting such a questionnaire. More than a dozen questionnaires on the subject are available in medical databases, but only a few have been validated in a population of chronically ill patients. 15 The most commonly used questionnaires, especially in groups of patients with hypertension, include the Morisky Medication Adherence Scale (MMAS-8) 16, 17 and the HillBone Compliance Scale. 18 Both instruments have been adapted into Polish. 19, 20 Due to the difficulty in accessing the MMAS-8 questionnaire and the high price of its license, the literature was reviewed, and the Adherence to Refills and Medications Scale (ARMS) questionnaire proved to be a simple and useful tool for adherence measurement with acceptable psychometric properties. Currently, the scale is available in multiple languages and is described as a simple, yet sensitive diagnostic instrument. [21] [22] [23] Though Polish versions of the questionnaires exist, there is still no simple instrument for testing pharmaceutical adherence among chronically ill patients in daily practice that would enable the identification of patients at risk of nonadherence, especially in hypertensive populations.
Aim of the study
The aim of the study was to develop a Polish version of the ARMS (ARMS-P), an instrument that identifies levels of adherence in the hypertensive population, and evaluate its psychometric properties.
Methods
study participants
This cross-sectional study included 279 patients (of whom 166 were female) with a mean age of 66.5±11.0 years hospitalized in the Department of Internal Medicine, Occupational Diseases, and Hypertension of Wrocław Medical University, Poland. The study was performed between September 2016 and March 2017 and was carried out by trained nurses at patient admission. Patient classification was performed by a trained physician, a specialist in internal medicine. Sociodemographic and clinical data were obtained from hospital records. Participation in the study was anonymous and voluntary. Each patient provided written consent to participate in the study and was informed that they could withdraw from the study at any stage.
inclusion and exclusion criteria 
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Evaluation of the Polish version of the ARMS two measurements with an interval of 1-2 minutes; third measurement was done in patients whose difference in measurements was 10 mmHg), had been treated with at least one antihypertensive drug for 6 months or more, were older than 18 years, and had no mental disorders or cognitive impairment with dementia. Patients were excluded from the study if they had limited cognitive function (score showing cognitive impairment with dementia on the Mini-Mental State Examination, cutoff at 23 points), did not provide informed consent in writing, or had an exacerbation of concurrent severe chronic diseases (cancer, respiratory failure, or cardiac decompensation).
ethical considerations
The study was approved by the Bioethics Committee of Wrocław Medical University (approval KB-226/2016). The study was performed in accordance with the Helsinki Declaration and the principles of good clinical practice, with respect for the rights and dignity of the participants. All participants provided written informed consent.
Questionnaire
The ARMS was developed by Kripalani et al and tested among patients with coronary artery disease and other chronic conditions, including hypertension, dyslipidemia, and diabetes mellitus. Its initial version was developed based on the Morisky and Hill-Bone questionnaires. The 12 items included in the final questionnaire comprise two subscales: adherence to taking medications (eight items) and adherence to refilling prescriptions (four items). Each item was structured for response on a Likert scale with responses of "none", "some", "most", or "all" the time, which were given values from 1 to 4. Most items were written so that lower scores indicated better adherence. Item scores are summed to produce an overall adherence score of 12-48, with lower scores indicating better adherence. 21 
Translation procedures
Within the project, the original version of the questionnaire was translated into Polish, and the psychometric properties of the ARMS-P were evaluated. Consistency in scale scores was calculated using Cronbach's α. In addition, ANOVA and multivariate regression analysis were used to find predictors that significantly affected adherence. The 12-item ARMS was translated from English into Polish, then back-translated to test the accuracy of translation. 24 Permission for translation was obtained in 2016 from the original developer of the English version of the ARMS. The translation proceeded as follows: 1) forward translation -two bilingual people (a nurse and a public health specialist) independently translated the instrument from English to Polish without any mutual consultation; 2) back-translation -a bilingual nurse blinded to the original English version of the instrument back-translated the instrument from Polish to English; and 3) decentering -both the original English version and the translated Polish version of the instrument were deemed to be equally important for verifying that scale items in different language versions closely resembled each other. 21 The translations received were reviewed by the research team, and all differences were discussed and reconciled. A draft instrument was then produced. The version produced by back-translation was sent to the author of the original ARMS questionnaire for approval. 21 Following the author's approval of the translation, a pilot study was performed to verify patients' understanding of the Polish version of the questionnaire. This pilot study included 20 patients hospitalized due to hypertension in the Department of Internal Medicine, Occupational Diseases, and Hypertension of Wrocław Medical University, Poland. All patients completed the questionnaire on their own, and reported no difficulties in understanding or responding to any of the items. The pretested version of the ARMS-12 was used as the final version for psychometric testing in a population of hypertensive Polish patients.
statistical analysis
Quantitative characteristics of the study group are shown in tables as mean ± SD, and nominal characteristics as numbers and percentages. ARMS homogeneity and validity was assessed using item-total correlations, Cronbach's α, and confirmatory factor analysis with a Varimax-rotated component matrix. Goodness of fit was evaluated by calculating χ 2 , root mean square error of approximation, goodnessof-fit index, Tucker-Lewis index, confirmatory fit index, and normed-fit index. Analyses were performed using the Statistica version 13 software package (StatSoft) and the Sepath module.
Results
Participant characteristics
A total of 290 patients were invited into the study, but 11 declined to participate. In the group of 279 patients, 66.5% were female and the mean age was 66.5 years. Participants' general and medication-related characteristics are shown in Table 1 .
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lomper et al Table 2 shows reliability-analysis results for the ARMS-P questionnaire. Item-total correlation coefficients for the ARMS-P ranged between 0.363 and 0.891 (mean 0.670). Table 3 shows reliability analysis for each ARMS-12 item (1-12), broken down by adherence categories: poor (n=135) and good (n=144). Mean scores for the pooradherence group ranged between 2.8±1.1 and 1.7±0.9 and for the good-adherence group between 1.8±1.1 and 1.0±0. The results showed good internal consistency.
The next stage involved analyzing patients' sociodemographic characteristics in the two adherence categories. Patients in the good-adherence group were younger (P=0.017; P=0.048), more likely to be professionally active (P=0.041), better educated (P=0.037), and more likely to have normal BP values (P0.001). They also measured their BP more often (P0.001), and took fewer pills a day (P0.001). Adherent patients were also more likely to take their medication on their own (P=0.016) and read information leaflets for the medication (P0.001). The data are shown in Table 4 . Table 5 presents reduced factor analysis, with a forced two-factor solution for the ARMS-12 questionnaire Factor 1 has an eigenvalue of 6.672 and accounts for 55.6% of variance. It comprises ten items describing adherence to medication taking. Factor 2 (items 7 and 9) has an eigenvalue of 2.694 and accounts for 22.4% of variance. It comprises two items describing patients' tendency to change medication dosages arbitrarily.
In the adherence assessment (n=279), the mean score was 19.7±8.8 (12-48) points. In the ARMS-12 reliability analysis, standardized Cronbach's α was 0.954. The internal consistency of the ARMS was high, both for All item-total correlation coefficients were 0.3, which also demonstrates good internal consistency regardless of patient education. For domain (subscale) 1, Cronbach's α was 0.958 and item-total correlation coefficients 0.395-0.897. For domain 2, item-total correlation was 0.632 and Cronbach's α 0.775. The internal consistency of ARMS items was high both for patients with normal BP (α=0.950) and those with high BP (α=0.936). All item-total correlation coefficients were 0.3, which demonstrates good internal consistency regardless of patient BP values. The data are shown in Table 6 .
At the final stage of analysis, criterion validity of the ARMS-12 questionnaire was evaluated in relation to 
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Evaluation of the Polish version of the ARMS adherence scores and BP control. In the poor-adherence group, BP was uncontrolled in more patients than in the goodadherence group (100% vs 0%). Table 7 shows the distribution of adherence scores in relation to proper BP control. The diagnostic capability of the ARMS-P was tested against BP criteria (gold standard). Comparison of the sums of ARMS questionnaire points with the gold standard showed four possible interpretations could emerge: true positive, when the ARMS result and BP criteria are positive; false positive, when the ARMS result is positive and BP negative; false negative, when the ARMS result is negative and BP positive; and true negative, when the ARMS result and BP are negative. Two-by-two tables were constructed with these data. From these comparative interpretations, sensitivity and specificity values were calculated. Sums of ARMS questionnaire points 15 showed sensitivity 78.2%, specificity 80.2%, and AUC 0.816.
Discussion
The ARMS was developed to evaluate self-reported adherence to taking and refilling medications among chronically ill patients. 12 To our knowledge, the ARMS-12 is one of the best questionnaires for studying adherence in hypertensive patients, and also for elderly patients (mean age 71 years). 21 Importantly, it can be administered at no additional cost. Adherence to prescribed pharmaceutical treatment is a prerequisite for effective treatment of hypertension. Nonadherence may adversely affect patient health and contribute to a number of complications and even death, hence the need for routine adherence testing in this population.
The purpose of the present study was to develop a Polish version of the ARMS-12 questionnaire and to evaluate its psychometric properties. The study was performed in a population of hypertensive patients, and demonstrated that the ARMS-P questionnaire has good psychometric properties that enable its use for assessing adherence in chronically ill patients, including in particular patients with hypertension.
Validation was based on determining a routine psychometric characteristic, Cronbach's α, which measured the instrument's internal consistency. Psychometric analyses revealed high internal consistency, reliability, and criterion validity. The internal consistency of the Polish ARMS-12 was 0.954. The calculated item-total correlation coefficients for ARMS-P ranged between 0.363 and 0.891 (mean 0.670). The present results demonstrate that the ARMS-P has excellent psychometric properties, better than those found for the original version of the questionnaire (r=0.814) or for other validated language versions, eg, Korean (0.801). 22 As in the original version of the questionnaire, factor analysis for construct validity identified two factors in the present study. 21 Factor 1 had an eigenvalue of 6.672 and accounted for 55.6% of variance. It comprises ten items describing adherence to medication taking. Factor 2 had an eigenvalue of 2.694 and accounted for 22.4% of variance. It comprises two items describing patients' tendency to change medication dosages arbitrarily.
In the validation study of the original version, the authors initially applied a three-factor solution, which accounted for 47.9% of variance, forcing a two-factor solution in the final version, which according to the authors did not produce a clear separation of the items as intended in the instrument design. In the two-factor analysis, factor 1 accounted for 35.1% and factor 2 10% of variance. In the validation study of the Korean version, performed in a group of patients with type 2 diabetes, a three-factor solution was also used. Cronbach's α for factor 1 (refilling medicine and intentional nonadherence) was 0.736, for factor 2 (unintentional nonadherence with taking nonadherence) 0.747, and for factor 3 (persistence with refilling medicine) 0.603.
In the present study, Cronbach's α for domain 1 (adherence to medication taking) was 0.958, and item-total correlation coefficients 0.395-0.897. For domain 2, the item-total correlation coefficient was 0.632 and Cronbach's α 0.775. The values found for the ARMS-P are higher than those for the original version (factor 1, α=0.794; factor 2, α=0.641). All item-total correlation coefficients were 0.3, which also demonstrates good internal consistency, regardless of patient education. In their study, Kripalani et al emphasized that the ARMS was the first questionnaire with suitability for use in patients with limited literacy skills. They furthermore believed that the ARMS allowed for valid and reliable assessment in patients with all literacy levels, and also when its items were presented verbally. 21 Notably, in studies on adherence, health literacy is considered a significant factor limiting adherence to treatment. 25 Understanding of causes of poor adherence contributes to making decisions and planning targeted interventions, and is key in decreasing morbidity and mortality. 26 Among the factors affecting adherence, the role of sociodemographic predictors is often discussed. In the present study, comparative analysis demonstrated that nonadherent patients were older, less educated, and less likely to be professionally active. Literature on the subject corroborates the present findings, though the discussion on associations between age and adherence is ongoing. [27] [28] [29] The impact of cognitive impairment and mental limitations on adherence has also been emphasized in many publications. 30 Concurrent cognitive impairment in elderly patients is associated with worse perception of health, increased number of comorbidities, and social isolation of the patient. 31 It can also be suspected to interfere with treatment adherence. 32 Few studies are available on the association between the components of geriatric syndrome and adherence to treatment. Those papers that have discussed associations between frailty and adherence were based on populations with diseases other than hypertension. 30, 33 There is also a discussion in the available literature regarding the impact of frailty syndrome on adherence. 34, 35 Available studies place much emphasis on the association between adherence and knowledge, with authors reporting that knowledge and education are considered crucial for proper hypertension control. [36] [37] [38] [39] The authors of the original ARMS questionnaire included low-literacy patients in their study, demonstrating, similar to the present study, that the AMS is a valid and reliable medication-adherence scale in a population of chronically ill patients with limited health literacy. 38 In the present study, the internal consistency of the ARMS was high, both for patients with no education or primary education only (α=0.948) and for patients with high school (α=0.951) and college/university (α=0.960) education. All item-total correlation coefficients were 0.3, which also demonstrates good internal consistency, regardless of patient education.
Several aspects of the present analysis support the validity of the ARMS. It correlates strongly with hypertension control: better adherence scores are associated with better BP control. In the present study, patients in the good-adherence group were more likely to check their BP regularly, while patients in the low-adherence group were significantly more inclined to check their BP only when they felt worse. Similarly, BP values were more often normal in the good-adherence group and high in the poor-adherence group. Kripalani et al also reported a significant association between adherence, diastolic BP control, and overall BP control, providing evidence of validity for the overall scale, though possibly indicating the importance of factors other than medication adherence (eg, diet and lifestyle) in the control of BP. 21, 26, 38 Therefore, the ARMS-P questionnaire can be considered an instrument with good psychometric properties. A reliable and valid adherence measurement based on patient self-reporting may be helpful in daily practice.
limitations
One limitation of this study is that it was carried out at a single inner-city hospital. Second, most patients in the study used five or more medications daily, and the scale may perform differently in populations with less medication use. Another limitation is the lack of a repeatability (retest) analysis, as well as the lack of a comparison between the self-reported adherence measure and biochemical measures that could corroborate it, or a comparison with another instrument with confirmed good psychometric properties in the Polish setting. An evaluation of health behaviors should be performed alongside the adherence measurement, as health behaviors are as significant in hypertension treatment as medication. Future research will need to assess the scale's performance in other settings, as well as its ability to measure changes that might result from interventions to enhance adherence.
Conclusion
The psychometric properties of the questionnaire are satisfactory (test reliability measured with Cronbach's α). The ARMS-P questionnaire proved to be suitable for use in the Polish population. The use of this screening tool for assessment of adherence to treatment is recommended in hypertensive patients. Further studies are warranted in Polish populations of patients with other chronic diseases, in order to evaluate the psychometric properties of the ARMS-P questionnaire and to identify nonadherent patients, enabling the planning of therapeutic interventions.
